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INTRODUCTION 



This report presents the findings of an extensive study 
on pollution from the uranium mining and millinq industry in 
Ontario. The study was initiated following the report of the 
Committee of Deputy Ministers (1965) which contained the 
following recommendation: 

"A detailed investigation of watercourses and waste 
disposal in both the Elliot Lake and Bancroft areas 
should be undertaken by the Province and the 
present program of monitoring and analysis of mine 
and mill wastes^ surface waters and drinking 
supplies be expanded and extended on a long-term 
continuing basis." 

The investigation was conducted by the OWRC with the co-operation 
of the Radiation Protection Service of the Ontario Department of 
Health. The work was intensified from May 1966 to June 1969 to 
gather details cf the nature and extent of pollution on the 
aquatic environment and effects on water uses including community 
drinking water supplies. An interim report was published in 19t)7 
on the status of the investigations. Volume I of this report 
presents the summary findings, current water quality conditions 
and recommendations of the completed study. The detailed 
technical findings are contained in Volume II. Where useful in 
evaluating current water quality conditions, the results of 
ongoing programs of industrial waste control and environmental 
quality in the Elliot Lake and Bancroft areas are included in the 
report. 

It is expected that full implementation of the 
recommendations will be required to control effectively the 
existing problem. With improved understanding of the 
radiological and chemical pollution of the waters in the Elliot 
Lake and Bancroft areas, it is to be hoped tnat similar 
occurrences will be avoided at future uranium mining operations. 



BACKGROUND 



The uranium mining industry in Ontario commenced in 1953 
when a large body cf uranium-bearing ore was discovered in the 
Serpent River basin in the Algcma District. Owing to the high 
datrand for uranium at that time these deposits were developed 
rapidly, and by 1957 eleven mines were operating. Since then, a 
severe cut-back in the world demand for uranium has reduced the 
number of mines and in 1966 only five were operating. From 19bb 
to 1969, only two of these used conventional mining methods; two 
others used bacterial leaching for recovery of uranium. The 
fifth operation at the Pronto Property processed copper ore from 
a nearby mine at Spragge . Similar rapid growth and decline 
occurred in the Bancroft area where three mines operated between 
1956 and 196U. At the present time, these mines are inactive. 

The OKPC commenced its surveillance over the waste 
control operations in 1957. Initially, attention was paid to the 
physical containment of the solid tailings wastes and examination 
of the receiving waters for chemical pollution. Investigation 
into possible radioactive contamination of drinking water 
supplies was started by the Ontario Department of Health in May, 
1958. At that time, sampling was limited to drinking waters at 
each mine on a monthly basis and overflows from tailings areas on 
H quarterly basis. In September 1958, the sampling program was 
expanded to include municipal water supplies, underground mine 
water and the Serpent River at Highway 17. The results of these 
surveillance programs were summarized in the Deputy Ministers* 
Report. 

In 1961, general sampling surveys in the Elliot Lake and 
Bancroft areas showed low Ra-226 concentrations in lakes which 
were not receiving discharge waters from the impoundments. A 
reccnnaisance survey of the Serpent River basin (1963J indicated 
detrimental effects on the aquatic biota in some of the lakes and 
Ra-226 levels in excess of the revised drinking water objectives 
(ICRP, 1964) . The allowable Ra-226 conc;entration in these 
ofc-jectives had been reduced by about a factor of 4 in 1962/ where 
radium levels in some lakes had been questioned previously and 
found to be acceptable, some concern arose over the 1963 results 
because the levels exceeded the revised limits. In 1964, tne 
Committee of Deputy Ministers was formed to examine the problem 
in detail. 



CONCLUSIONS 



1. The wastes from the uranium mining and milling industry 
in the Ellict Lake area have caused serious impairment of the 
water quality and associated biology in the Serpent River Basin. 
The irost serious damages are: 

i) increases in Ra-226 levels which fail to meet the 
proposed 3 pCi/1 water quality standard in almost all 
waters of the basin downstream from Duniop Lake, 
including the two water supplies used by the Community 
of Serpent River. Elliot Lake, the source of water 
supply for the Town of Elliot Lake, has been within the 
proposed standard since mid- 1966. 

iij severe depression of pH and excessive increases in 
dissolved solids, sulphates and nitrogen levels. The 
most seriously impaired areas were the Quirke and Pecorg 
Lake sub-basins. 

iii) sharp reductions in fish populations and other forms of 
aquatic life especially in the Quirke and Pecors Laice 
sub-basins. 

2. Impairment of the aquatic environment in the Bancroft 
area was less extensive and limited to the immediate vicinity of 
the tailings areas. 

3. Control of leaching and seepage of chemical and 
radiological pollutants from the tailings areas, especially the 
abandoned ones, and the physical containment of tailings and 
separation of tailings from lake waters are the major problems to 
be overcome by the mining industry. These problems are usually 
more serious where lake basins have been used for disposal of 
mill tailings. 

'4. The existing waste treatment methods do not control the 

release of chemical pollutants including dissolved solids, 
sulpnates, ammonia nitrogen, other toxic compounds and depressed 
levels cf pH . For example, while it has been the practice to 
neutralize tailings at the mills, chemical and bacterial actions 
reduce the pH of the wastewaters in their subsequent passage 
through the tailings ponds before discharge to the receiving 
waters. As an interim control measure, higher degree of 
neutralization of the tailings at the mills or neutralization of 
the tailings pond overflows is required. for long-term control 
of pH and other chemical pollutants, the use of improved waste 
treatment techniques including sulphide removal. and if 
necessary, ion exchange, reverse osmosis^ etc. should be 
considered by the mining companies or tlieir successors. 



5. Barium chloride treatment of the decant from the 
tailings areas of active mines was very effective in reducing Ra- 
226. However, the containment in the settling basins of the 
precipitates formed by this treatment must be ensured on a long- 
term basis. 

6. Stabilization of tailings area surfaces by vegetation or 
other methods is needed to control erosion and to reduce seepage 
and contamination of surface runoff. Active mines are required 
to inrplement these controls under legislation administered by the 
Ontario Department of Mines and Northern Affairs. The 
legislation should be extended to include abandoned tailings 
areas also. 

7. Further studies are needed to examine the total human 
intake of radioactivity through air, food and v»ater in those 
areas where waters containing more than 3 pCi/1 of Ra-226 are 
used for domestic water supply. It is expected that the 
radiation dose resulting from short term use of these supplies 
may not present a significant hazard to health; however, it would 
be advisable to consider alternate supplies since any unnecessary 
exposure to radioactivity should be kept to a minimum. 

8. Further studies are needed to define the levels of 
dissolved solids, particularly sulphates, necessary for 
restoration and maintenance of a healthy balance of the aquatic 
life in the Serpent Kiver Basin. 



RECOMMENDATIONS 



1. The uranium mining industry should revise its standards 
of practice and basis of designs of water use and waste dist^osal 
systems to avoid chemical and radiological pollution of water 
associated with current mining methods and procedures. As an 
initial step towards this goal and to work toward the standards 
of water quality proposed in this report, the industry should 
undertake the following specific remedial measures at Elliot Lake 
and fiancroft: 

a) the pH of all overflows from tailings areas in the 
Elliot Lake area be raised to a level of nine as an 
interim remedial measure. The necessary facilities for 
pH control and full implementation of this measure 
should be completed by December 31, 1972. 

b) Stanrock Uranium Mines Ltd. (i) divert seepage waters to 
a central location for treatment prior to discharge to 
the Pecors Lake system; (ii) improve the stability of 
tailings dam structures to prevent escape of untreated 
tailings wastes to the Pecors and Quirke lake systems. 
These control measures should be completed by December 
31, 1972. 

cy Bio Algom Mines Ltd. , Stanleigh-Milliken Divisions 
(Crotch Lake) and Panel Division (Strike Lake) provide 
proposals to the OWRC by June 30, 1972 for improved 
containment by separation of the tailings deposits from 
the waters of Crotch Lake and Strike Lake and chemical 
treatment, including neutralization and barium chloride, 
of polluted drainage from the tailings areas. The 
selected remedial measures themselves should be 
implemented by June 30, 1973. 

d) Rio Algom Mines Ltd., Nordic Division, divert all 
seepage to a central location and provide chemical 
treatment by December 31, 1971. 

€(J Pio Algom Mines Ltd., Pronto Division, ensure 
satisfactory chemical treatment including pH control of 
the drainage from the abandoned tailings area by 
December 31, 1971. 

f) Macassa Gold Mines Limited, Bicroft Division, repair tne 
decant structure of the Bicroft tailings area by 
December 31, 1971. 



2. Stabilization and maintenance of all abandoned tailings 
dreas to secure in perpetuity their containment including 
isolation and cover, erosion control and, as required, treatment 
of seepage and runoff should be provided by the mining companies 
or their successors responsible for the disposal sites. 
Provincial legislation dealing with stabilization of tailings 
areas by vegetation or other methods should be extended to 
include abandoned areas and, as required, treatment of seepage 
and runoff. 

3. The miring companies in the Elliot Lake area should 
pursue the use of improved waste treatment techniques such as 
sulphide removal, and if necessary, ion exchange, reverse 
osmosis, etc. , in order to improve the chemical quality of mill 
wastes and tailings pond overflows. First priority should be 
given tc control of pH and toxic compounds such as heavy metals 
and ammonia. If further studies show that the existing levels of 
dissolved solids, particularly sulphates, are detrimental to the 
aquatic life treatment of these pollutants will be required. 

4. Where barium chloride treatment is used for radium 
removal, the mining companies should ensure that the precipitates 
formed by the treatment are not released to the environment 
during and after the operation of the mines. 

5. Use of lake basins for containment of tailings at new 
mining locations should be avoided. 

6. The radiological, chemical and biological monitoring 
programs of the Ontario Water Resources Commission should be 
continued at Elliot Lake and Bancroft. 
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7. The surveillance programs of the Ontario Department of 
Health should be continued and expanded to determine the i 
significance of other radionuclides in those domestic water ' f (iiU: 
supplies which contain Ra-226 above 3 pCi/1 to ensure that tne ^' ' - 
total intake of radioactivity through air, water and food by the 0/^'' I 
residents in the uranium mining areas does not lead to radiation 
doses in excess of acceptable limits. 

3. Consideration should be given to alternate sources of 
drinking water supply for the homes which are supplied with water 
from the lower Serpent River and the one home in the Bancroft ■■'■■,-■.< 
area which uses water containing Ra-226 in excess of 3 pCi/1. 

9. Studies should be undertaken to define the levels of 

dissolved solids, particularly sulphates, necessary for 

restoration and maintenance of a healthy balance of the aquatic 
life in the Serpent River Basin. 



SUMMARY OF FINDINGS 

I ELLICT LAKE APEA - SERPENT RIVER BASIN 

1.1 Waste Sources 

The disposal of uranium mining wastes using practices 
which were considered to be standard in the mining industry has 
resulted in serious long-term radiological and chemical pollution 
of the waters of the Serpent River basin. The main sources of 
the problem are the wastewater discharges from both actively used 
and abandoned tailings areas. At the active mine and mill 
locations, waste discharges are comprised of mill prccess wastes 
and mine waters, natural runoff and seepage from tailings sites, 
while polluted discharges from abandoned operations include 
runoff and seepage from the tailings areas. The waste loadings 
from each of the tailings areas vary widely with the seasons and 
generally the higher loadings occur during periods of high 
streamf low . 

The combined wastewater discharges from Denison, 
Stanrock and the Pio Algom Milliken-Stanleigh (abandoned) 
tailings areas contributed about 80 to 85 percent of the total 
input of radioactivity (1) (decay products of the uranium and 
thorium families) discharged into the Serpent River basin over 
the period 1966 to 1969 (Table 1) . The Rio Algom Milliken- 
Stanleigh and Denison mines were the largest sources of Ra-226 
and accounted for 56 percent and 25 percent of the total 
respectively (2) . In these cases, tailings disposal sites were 
comprised of former lake basins from which the natural waters 
have been displaced by the tailings. It should be noted that the 
input of radioactivity from Denison has since mid-1969 been 
reduced by about one-half as a result of the construction of the 
Stcllery Lake dam to confine the precipitates formed by barium 
chloride treatment of tailings area effluent for removal of 
radium. A substantial reduction in the inputs from Stanrock and 
Rio Algom' s Milliken-Stanleigh tailings areas is essential if 
further progress is to be made in reducing the levels of 
radiological pollution in the Pecors Lake system and downstream 
waters of the Serpent River. Treatment for these two locations 
will have to be provided on an individual basis since the 
distance between them makes combined treatment impractical. 

(1) 42,000 of the total 50,000 microcuries/day of gross 
alpha and 43,000 of the total 55,000 microcuries/day of 
gross beta activity in the Elliot Lake Camp were 
accounted for by these sources. 

(2) 7,000 of the 8,630 microcuries/day of Ra-226 were 
accounted for by these two sources. 



TABLE 1 

WASTE LOADINGS INTO SERPENT RIVER BASIN 
a) Radiological - Expressed as Microcuries/day 
( ) Figures in brackets indicate percent of total loading 



Source 



Denison 



Rio Algom 
Nordic 



Rio Algom 
Quirke 



Rio Algom 
Pronto 



Rio Algom 
Panel 



Rio Algom 
(Stanleigh- 
Milliken) 

Stanrock 



Sheriff Cr. 



Year 

1966-67 
1967-68 
1968-69 
Average 

1966-67 
1967-68 
1968-69 
Average 

1966-67 
1967-68 
1968-69 
Average 

1966-67 
1967-68 
1968-69 
Average 

1966-67 
1967-68 
1968-69 
Average 

3-Year 

Average 



3-Year 
Average 

1966-67 
1967-68 
1968-69 
Average 



Ra-226 

1,930 
1,760 
2,870 
2,200 (25) 

204 
206 
170 
190 (2.3) 

580 
190 
240 
340 (4) 

220 
210 
240 
220 (2.5) 

390 
540 
480 
470 (5.5) 



4,800 (56) 



Gross 
Alpha 

14,000 
11,600 
10,100 
12,000 (23) 

2,280 
1,250 
2,800 
2,100 (4) 

2,440 

1,410 
1,925 (4) 

790 

780 
1,380 
980 (2) 

2,800 
1,500 
1,500 
1,900 (4) 



11,600 (23) 



200 (2.3) 18,500 (37) 



250 
80 

310 

210 (2.4) 



1,500 
540 
1,6 40 
1,200 (3) 



Gross 
Beta 

26,600 
18,400 
12,500 
19,000 (34) 

4,310 
3,800 
4,300 

4,100 (7) 

2,100 

2,000 
2,050 (4) 

670 

940 

1,220 

940 (2) 

3,900 
2,700 
3,900 
3,300 (6) 



12,400 (22) 



12,000 (22) 

1,590 
460 
1,710 
1,250 (3) 



Total for Basin 



8,630 (100) 50,200 (100) 55,000 (100) 



TABLE 1 (cont'd) 
b) Chemical - Expressed as pounds/day 
( ) Figures in brackets indicate percent of total loading 







Diss . 


Total 








Source 


Year 


Solids 


Nitrogen 


Sulphates 


Iron 


Chloride 


Denison 


1966-67 


112,000 


6,200 


57,800 


2 80 


2,450 




1967-68 


96,000 


3,200 


54,600 


267 


2,108 




1968-69 


120,000 


6,400 


68,000 


265 


3,420 




Average 


109,000 


5,300 


60,000 


270 


2,660 






(31) 


(58) 


(31) 


(5.3) 


(24) 


Rio 


1966-67 


85,000 


1,400 


45,000 


23 


2,240 


Algom 


1967-68 


95,000 


1,170 


52,000 


32 


2,400 


Nordic 


1968-69 


46,000 


390 


28,000 


59 


1,470 




Average 


75,000 


1,000 


42,000 


33 


2,030 






(21) 


(11) 


(22) 


(0.6) 


(18) 


Rio 


1966-67 


8,600 


42 


3,700 


96 


190 


Algom 


1967-68 


4,200 


21 


2,200 


14 


100 


Quirke 


1968-69* 


65,000 


1,400 


40,000 


170 


450 






(19) 


(15) 


(21) 


(3.3) 


(4) 


Rio 


1966-67 


10,100 


25 


4,700 


73 


590 


Algom 


1967-68 


11,600 


34 


5,400 


93 


670 


Pronto 


1968-69 


13,200 


46 


6,900 


60 


830 




Average 


11,600 


35 


5,700 


7 7 


700 






(3) 


(0.5) 


(3) 


(1.5) 


(6) 


Rio 


1966-67 


22,500 


280 


7,800 


400 


1,500 


Algom 


1967-68 


14,500 


190 


5,700 


190 


885 


Panel 


1968-69 


21,000 


310 


11,900 


340 


440 


Average 




19,300 


210 


8,500 


340 


940 






(6) 


(2) 


(4) 


(6.5) 


(8) 


Rio 


3-year 












Algom 


Average 


31,000 


220 


17,200 


230 


410 


(Milliken- 


(9) 


(2) 


(9) 


(4.4) 


(4) 


Stanlei 


gh) 












Stan- 


3-Year 


32,000 


1,000 


18,000 4 


,000 


3,570 


rock 


Average 


(9) 


(11) 


(9) 


(78) 


(33) 


Sheriff 


1966-67 


5,800 


57 


2,300 


18 


330 


Spill 


1967-68 


1,300 


10 


600 


7 


100 




1968-69 


9,000 


7 3 


4,100 


38 


670 




Average 


5,400 


40 


2,500 


21 


370 






(2) 


(0.5) 


(1) 


(0.4) 


(3) 


Total f 


or Basin 


348, 300 


9,200 


194,000 5 


,100 


11,130 






(100) 


(100) 


(100) 


(100) 


(100) 



* After reactivation 



ether sources of radioactivity in decreasing order of 
significance are Rio Algom Panel (abandoned) - Quirke (operating) 
and Nordic Division (closed 1970), the tailings deposits due to 
earlier failure of the Rio Algom-Milliken tailings system in 
Sheriff Creek and the Rio Algom-Pronto Division which discharged 
directly into Serpent Harbour. Another minor source discharging 
directly into the Serpent River was the Denison-Williams Lake 
tailings area. Since 1970 the drainage from this area has been 
diverted to the Long Lake tailings area where it is treated with 
barium chloride prior to discharge to the Serpent River, 

Minor seepages from the abandoned Rio Algcm-Lacnor and 
Spanish American tailings areas combined with the effluents from 
the Nordic and Deniscn properties respectively which are treated 
with barium chloride for reduction of radium. 

The use of barium chloride has been found to be very 
effective for the removal of radium. By the summer of 1969, all 
operating mines were using this chemical treatment technique. It 
should be recognized that the barium-radium precipitates formed 
by the treatment may lead to further pollution where the settling 
basins containing the precipitates are subject tc erosion, scour 
and leaching and result in contamination of downstream waters. 
Measures must be taken by the mining companies to ensure that 
this precipitate is not released to the environment either during 
active operations or following the closing of the mining 
operations. 

The distribution of loadings of dissolved solids, 
sulphates and nitrogen given in Table 1 indicates that major 
inputs were contributed by the following mines: Denison, Rio 
Algcm Nordic, Rio Algom Quirke (after reactivation) , Stanrock and 
Rio Algom Milliken-Stanleigh (abandoned) . For example, Denison 
and Rio Algom Nordic, two of the operating mines, contributed 
about 100,000 Ifcs/day or about 50 percent of the total loading of 
sulphates into the Serpent River basin. In 1968, the loading 
from Nordic decreased considerably after changeover to bacterial 
leaching, whereas the loading from Rio Algom Quirke increased as 
a result of reactivation of operations at the Quirke property. 

In addition to these constituents, the wastewater 
discharges contained excessive concentrations of heavy metals 
such as zinc, nickel, cobalt, lead, copper, etc. and rare earth 
elements, all of which are toxic to aquatic life. Details on 
these are provided in the individual reports on the various 
mining operations (OWRC 1969, 1970). 

Perhaps the most serious problem in its effect on the 
receiving waters is the low pH of tne tailings effluents. Values 
ct pH ranging from 1.8 to 3 were measured at Stanrock, Rio Algom 
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Milliken-Stanleigh (Crotch Lake) and Rio Algom Panel (Strike 
Lake) tailings areas. It is considered that the low pH 
associated with acid mine drainage results from a combination of 
chemical and bacterial oxidation of pyrites and other metallic 
sulphides. Ihe problem is most severe in the unneutralized 
effluents fronr abandoned or inactive tailings areas. The 
condition was not as serious at the operating mines where 
tailings are neutralized with lime. While neutralization with 
lime may be one solution to the pH problem, the degree of 
neutralization and location of lime addition should be selected 
carefully to ensure satisfactory pH levels in the effluent at the 
point of discharge. Since neutralization with lime on a long- 
term basis will increase the levels of dissolved solids in tiie 
waters of the drainage system, this practice should be considered 
as an interim control measure; other alternatives for correction 
of the pH problem such as sulphide removal should also be 
considered. 

The physical containment of tailings which have been 
deposited into lakes, natural depressions in the terrain and 
iirpcundment basins enclosed by dams, is perhaps the most 
important aspect to be faced in the long-term control of 
radiological and chemical pollution. Plates 1 and 2 illustrate 
seme of the problem tailings areas in the Elliot Lake area. In 
the past, difficulties have been encountered with wind erosion of 
surface tailings, grossly polluted seepages and physical failure 
or erosicn of dam structures. Some of these problems have been, 
and still are serious at Stanrock and Rio Algom Milliken- 
Stanleigh (Crotch Lake) tailings areas. Possible solutions 
include chemical or vegetative stabilization of the tailings area 
surfaces, better construction and maintenance of the impoundment 
structures and restrictions on the use of lakes for disposal 
areas. Legislation to require stabilization of tailings areas at 
active mining operations has been passed by the Ontario 
Department of Mines. The legislation should be extended to 
include control and stabilization of abandoned tailings areas 
since they will provide a continuing long-term source of 
contamination of the environment. 



1.2 Environmental Studies 

a) Water-Kadiological Quality 

The entire Serpent River Basin downstream from Stollery 
Lake to Serpent Harbour has been seriously polluted by the wastes 
from the uranium mining and milling industry. The most 
significant impairment was evidenced by increases in Ra-226 by 
factors of 50 to 200 over the background levels in certain lakes 
in the Pecors and Quirke Lake sut-basins. The levels decreased 
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PLATE I 




(O) CROTCH LAKE - INDISCRIMINATE DUMPING 
OF TAILINGS FROM MILLIKEN AND 
STANLEIGH DIVISIONS OF 
RIO ALGOM. MINES LTD. 




(b) CLOSE-UP OF CROTCH LAKE TAILINGS AREA 



- 12 - 



PLATE II 




(a) 

TAILINGS SPILL FROM STANROCK 

FOLLOWING BREAKAGE OF 

DAM STRUCTURE 



(to) 

GROSSLY POLLUTED SEEPAGE 
AND SPILLAGE OF TAILINGS FROM 
STANROCK INTO QUIRKE LAKE 




- 13 - 



almost linearly with distance downstream (Figure 1) but remained 
at 8 to 10 times above background at Serpent Harbour. The Fa-226 
levels in the lower part of the basin have not changed 
significantly since the early 1960's. The Ra-226 levels in the 
Elliot Lake sub-basin, whicn ranged from 20 to 30 times 
background in the early sixties have shown significant 
imprcvement. Since 1966, the Fa-226 levels have been 6 to 10 
times background with the exception of Nordic Lake which was 30 
to 40 times background. In Elliot Lake, the municipal water 
supply, the Ra-226 level has remained below the 3 pCi/1 proposed 
water quality standard since 1966. 

The average Ra-226 levels in the basin are shown on 
Figure 12. Since changes in other water quality parameters 
generally followed a similar pattern, the Ra-226 distribution can 
be used as a general indicator of pollution in the basin. 

Increases in dissolved and suspended alpha and beta 
activities were observed with greater increases noted in the 
dissolved form. The variations of the dissolved gross alpha and 
gross beta activities in the Serpent River basin are shown in 
Figures 2 and 3, respectively. 

The highest uranium 238 (U-238) levels were found in the 
stream draining the Stanrock tailings area where concentrations 
ranged from about 500 to 1,00C micrograms per litre. In ail 
other areas, the U~238 levels were much lower; downstream from 
McCarthy Lake, the levels were less than 10 micrograms per litre. 

In general, the overall levels of radioactivity in the 
basin, as measured at the mouth of the river, have shown little 
change over the period from 1960 to the present. Where localized 
improvements have occurred, these may be attributed to reduction 
in rrining activity, re-use of process water and elimination by 
the operating mines of direct discharges of mine water to the 
lakes and use of barium chloride treatment. These factors are 
responsible for the improvements observed in the Quirke and 
Elliot Lake sub-basins. Improvements shown in the Pecors Lake 
sub-basin in 1967 were probably due to the heavy precipitation 
that year since the radioactivity levels increased the following 
year. Despite these improvements, the Ra-226 levels in these 
lakes still remain at 40 to 150 times above background 
concentrations and 5 to 15 times the proposed water quality 
standard of 3 pCi/1. 
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FIGURE ■■ 2 
GROSS ALPHA ACTIVITY (DISSOLVED) 
IN THE SERPENT RIVER BASIN 
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FIGURE ■■ 3 
GROSS BETA ACTIVITY (DISSOLVED) 
IN THE SERPENT RIVER BASIN 
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b) Water-Chemical Quality 

The main impairments in the chemical quality of the 
waters were the serious depression in pH and the 8 to 15 fold 
increases over background levels of dissolved solids, hardness, 
sulphates and nitrogen. Generally, improvement was noted with 
increasing distance from the sources of pollution. Figures 4, 5 
and 6 depict the variation of dissolved solids, sulphates and pH, 
respectively, in the Serpent River watershed. A large portion of 
the total nitrogen in the receiving waters was in the form of 
ammonia complexed with other ions. Because of the low pH 
conditions, detrimental effects on the biota could not be 
attributed to ammonia; however, once the pH levels in the 
watershed are restored, the ammonia may become a serious hazard 
to aquatic life and will, therefore, have to be reduced. 

Nordic Lake and the Fecors and Quirke Lake sub-basins 
were the most seriously damaged as evidenced by overall 
deterioration of chemical quality including pH depression. 
Downstream from McCarthy Lake, the chemical quality improved 
owing to dilution; nevertheless, the levels of dissolved solids, 
sulphates and hardness at Serpent Harbour remained at 3 to 4 
times background concentrations. The pH in the lower section of 
the river was only slightly lower than background and has 
remained relatively uniform since the commencement of the study 
in 1966. 

With the exception of Quirke Lake, most of the lakes and 
their connecting rivers have shown a gradual reduction in 
dissolved solids, sulphates and hardness since 19b6. These 
improvements may have been due to slight decreases in the 
leachability of chemical pollutants with aging of the tailings 
areas. The increased levels in Quirke Lake are attributed to the 
waste discharges resulting from reactivation of the Rio Algom 
Quirke property. However, it was observed that in the lakes of 
the Quirke, Pecors and Elliot Lake systems, with few exceptions, 
the pH of the waters downstream from abandoned and active 
tailings areas continued to decrease. 

The pH in the lakes below active mining operations where 
neutralization is practised continued to decrease also. This may 
be partly attributable to the large size of the receiving waters 
and the associated lengthy residence times. For example, the 
flow-through time for Quirke Lake, the largest lake in the 
system, is estimated to be about 3 to a years. It may take 
several years before the effects of neutralization can be 
measured. However, it is also possible that the present method 
of neutralization of the tailings effluents alone will have 
little effect on the pH of the receiving waters because of the 
presence of large quantities of sulphides in the tailings wastes. 
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FIGURE- 4 
DISSOLVED SOLIDS CONCENTRATtONS 
IN THE SERPENT RIVER BASIN 
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FIGURE^ 5 

SULPHATE CONCENTRATtONS 

IN THE SERPENT RIVER BASIN 
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other measures may te required for improvement of the pH 
condition in certain lakes of the drair-jge system. Alternatives 
which should be considered are: sulphide removal; higher degrees 
of neutralization; improved containment of exposed tailings; 
reduction, collection and treatment of seepage; chemical 
alteration of the lakes themselves and other methods. 

Unless improved treatment measures are taken immediately 
by the mining industry to control the waste discharges from both 
abandoned and active tailings areas, deterioration of the waters 
of the drainage system will continue. 

e) Sediments 

Significant increases over background levels of Rd~226 
and gross alpha and beta activities were found in the bottom 
sediments of the lakes and streams affected by the uranium mining 
operations. In general, the levels decreased with increasing 
distance from the rrines (Figures 7 and 8) and the adverse effects 
were limited to the top few centimeters of the bottom sediments. 
Below this top layer, the levels of radioactivity were similar to 
Che levels found in sediments of Dunlop Lake which was used as 
the control. The low levels of radioactivity in the Dunlop Lake 
sediments did not vary with depth. This pattern indicates that 
the background radioactivity in the contaminated lakes was 
similar to the control lake and, therefore, the increases were 
caused solely by the waste discharges from the mining operations. 

d) Biology 

The water quality deterioration caused by the wastes 
from the uranium mining industry has seriously damaged the 
biological conditions of the Serpent River Basin. The impairment 
was characterized mainly by the sharp reduction in the capacity 
of the lakes to support aquatic life. For example, examination 
of the primary trophic levels showed that the production of 
phytoplanktonic algae (basis of the aquatic food chain) was 
drastically retarded for at least a portion of the annual life 
cycle within the lakes in the Quirke and Pecors Lake sub-basins 
and part of McCarthy Lake, This reduction has seriously affected 
fish populations by limiting abundance, reducing species variety, 
offsetting reproductive potential and affecting the condition of 
individual fish, especially in Quirke, Whiskey and Pecors lakes 
where the walleye fisheries have disappeared. 

Analyses of the diversity of stream-dwelling 
invertebrates indicated that the ecology of the streams had been 
seriously disturbed. The most critical effects were noted in the 
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FIGURE : 7 
RADIUM 226 IN SEDIMENTS 
IN THE SERPENT RIVER BASIN 
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FIGURE : 8 
GROSS RADIOACTIVITY IN SEDIMENTS 
IN THE SERPENT RIVER BASIN 
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areas close to the tailings overflows and in streams in the 
Quirke and Pecors Lake sub-basins. The reduction in zooplankton 
and standing crcps of algae (chlorophyll) , the condition of lake 
trcut in selected lakes and relevant changes in species diversity 
of stream fauna are depicted in Figures 9, 10 and 11, 
respectively . 

Significant quantities of radioisotopes have been 
concentrated by the aquatic organisms. In general, the degree of 
accuniulation varied directly with the concentration of 
radionuclides in the water but was different for each segment of 
the biota. However, no damage due to the absorbed activity on 
the biota was detectable. Although some radioactivity was 
absorbed by fish, consumption of fish flesh appears to present no 
public health hazard. The same would not apply to fr*^shwater 
clams which had concentrated higher levels of radioactivity; 
however, these are not generally eaten by the public. 



1 . 3 Water Uses 

Lakes and streams in the Serpent Piver basin where land 
is little suited for farminq and agriculture are used tor 
recreation, domestic and industrial water supply. Several bodies 
of water have teen used for disposal of mill tailings and 
wastewaters from the uranium mining industry (Figure 12J, 

The disposal cf mining wastes has caused extensive water 
quality imairment resulting in serious water use conflicts within 
the drainage basin. The potential of many of the waters to 
support recreation and use for water supply has been severely 
impaired. For example, sport fishing in Quirke, Whiskey and 
Pecors lakes, three of the major lakes in the basin, has been 
almost completely eliminated. The levels of Ra-226 in most of 
the watersheds have increased to levels which would he 
unacceptable for drinking water supply on a continuous basis. 
Similarly, increases in dissolved solids, sulphates and hardness 
and reduction in pH may have also made some at tht waters 
unsuitable for certain industrial uses. 

1.U Public Health Aspects of Radioactivity 

The residents in uranium mining areas do receive 
slightly higher doses of radioactivity than persons in the rest 
of the province. The main source of the increased dose is the 
use of waters contaminated by the radionuclides contained in tne 
wastewater discharges frcm the uranium mining industry. Other 
minor sources of radioactivity are inhalation of windblown 
radioactive particles in air, radioactivity in food and 
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FIGURE 9 
ZOOPLANKTON 8 CHLOROPHYLL A 
N LAKES OF THE SERPENT RIVER BASIN 
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FIGURE : 10 
CONDITION OF LAKE TROUT 
IN LAKES OF THE SERPENT RIVER BASIN 
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FIGURE ■■ II 
INDEX OF SPECIES DIVERSITY FOR STREAM BOTTOM FAUNA 
IN THE SERPENT RIVER BASIN 
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terrestrial radioactivity which may be slightly higher than the 
rest of the province owing to the presence of radioactive ores in 
the area. 

The main radionuclide of concern in dealing with water 
supplies in the uranium mining areas is Ra-226. In evaluating 
the suitability of a water supply a Ra-226 level of 3 pCi/1 is 
usually used as a guide. If all other radionuclides are known to 
be absent, a Ra-226 level of 10 pCi/1 is generally considered to 
te acceptable. However, if other radionuclides affecting tne 
same critical organ are suspected to be present in significant 
quantities their concentrations should be measured and the total 
intake considered to ensure that the concentration of the mixture 
is acceptable. The acceptable concentration of the mixture is 
expressed by the following relationship: 

Ca . Cb etc. £ 1 (1) 

La Lb 

where Ca, Cb are the measured concentration of the radionuclides 
in water and La, It are the respective acceptable limits. In 
ether words, the sum of the concentrations of the various 
radionuclides each divided by its respective acceptable limit 
should not exceed unity. 

The Ra-226 levels in the water supply for Elliot Lake 
have teen below the 3 pCi/1 limit since 1965; however, there are 
approximately 80 homes using water containing Ra-226 in excess of 
this level. These homes are located near Highway 17 and are 
supplied by two private water supply systems withdrawing water 
fronn the lower Serpent River, In this section of the river, the 
Ra-226 level has averaged 9 pCi/1 (period 1966 to 1970) . In 
addition to Ra-226, other members of the uranium and thorium 
families such as Ra-228, lead-210 and thoriums are present in 
these water supplies as evidenced by the gross alpha and beta 
activities which averaged 23 and 30 pCi/1, respectively. The 
levels of these radionuclides, which have acceptable 
concentrations of 10 pCi/1 for Ra-228, 30 pCi/1 for lead-210 (Pb- 
2 10) and 1,000 pCi/1 for thoriums, have not been measured. 

Considering the Ra-226 level of 9 pCi/1 and presence of 
the above mentioned radionuclides in the lower Serpent River 
equation (iy becomes: 

_9 . CRa-228 , CPb-210 , CThoriums <^ 1 (2J 

10 30 100 1,000 

The thorium term in equation (2) may be dropped since neither the 
excess alpha activity of 14 pCi/1 (23 pCi/1 gross alpha - 9 pCi/1 
of alpha activity due to Ra-226) nor the gross beta activity of 
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30 tCi/l found in this water supply can account for an amount of 
thorium which would be significant in relation to the acceptable 
limit (1,000 pCi/1) . Equation (2) is therefore reduced to: 

±_ + CRa-226 CPb-210 < 1 (3) 

10 30 100 

Equation (3) indicates that with Ra-226 concentration of 9 pCi/1, 
the maximum acceptable concentration of Ra-228 would be 3 pCi/1, 
if Fb-210 is absent. Likewise, a concentration of 10 pCi/1 of 
Pb-210 would be acceptable, if Ra-228 were absent. Since other 
members of the uranium and thorium families are expected to be 
present, Ra-228 and Pb-210 do not account for all of the beta 
activity. Before a final decision on the acceptability of these 
supplies can be made, the beta emitters should be identified. In 
addition, the intake through air and food should also be 
evaluated. Since the acceptable limits for radionuclides are 
based on a long term (50 year) continuous use, the radiation dose 
to the residents in the lower Serpent River basin is not expected 
to be significant in terms of health hazards associated with 
short-term use of the supply. However, consideration should be 
given to alternate water supplies since it may take several years 
before the levels cf radioactivity in this watershed will 
decrease. This step would be in keeping with modern scientific 
knowledge and opinion that all unnecessary exposure to 
radioactivity be kept to a minimum. 
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2. EANCPOFT AREA - CRCWE FIVER - EELS CREEK BASINS 

2. 1 Waste Sources 

All mills were inactive in the Bancroft area during the 
survey period with the exception of some underground development 
carried out on the Faraday property. 

The low pH conditions which were prevalent in the Elliot 
Lake area were not encountered in Bancroft. This is believed to 
be due to lower concentrations of sulphides in the Bancroft ores. 
Based on this, the feasibility of sulphide removal at Elliot Lake 
should be examined as a solution to the pH problem. 

The stability of the dams at the Bicroft tailings area, 
presently covered with water due to blockage of the decant 
structure is a serious problem. If the water level is allowed to 
rise, particularly during heavy spring runoff uncontrolled 
overflow could possibly cause collapse of the dam. The dams of 
the Dyno and Faraday tailings areas appear to be stable. The 
capacity of the latter tailings area is limited and should be 
expanded if the mine resumes operation. 

2.2 Environmental Studies 

a) Water - Radiological Quality 

Water quality impairment in the Bancroft area was less 
severe than in Elliot Lake. The Ra-226 levels were cnly slighrly 
higher than the 3 pCi/1 proposed water quality standard Deer 
Creek (3.5 pCi/1) and Inlet Bay of Paudash Lake (H pCi/l| . 
However, these values decreased below 3 pci/1 within a short 
distance downstream. The levels in Paudash and Eels lakes 
averaged 1 and 0.5 pCi/1, respectively, 

h) Water - chemical Quality 

Alterations in chemical quality were also limited to the 
immediate receiving waters. The greatest changes were noted in 
Bow Lake where dissolved solids, sulphates and hardness showed 8 
to 10 fold increases over the background levels. Slight 
improvement occurred over the period 1966 to 1969 in the 
condition of Bow Lake where dissolved solids, hardness and 
sulphates decreased from 600, 380 and 310 mg/l in 1966-67 to 500, 
310 and 230 mg/1 in 1968-69, respectively. Similar improvements 
were also noted in Crowe River downstream from Bow Lake. This is 
believed to te related to the higher buffering capacity of the 
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waters in this basin as well as the lower sulphide content of the 
Bancroft ores. 

In future, the chemical quality of waters in the 
proximity of the tailings areas will be dependent on the activity 
of the uranium mines. If the mines were to resume operation, 
further impairment is expected unless better treatment methods 
are developed for controlling the discharge of chemical 
contaminants from the mining operations. 



c> Sediments 

Sediments in the lakes and streams receiving mine wastes 
in the Bancroft area showed increases in radioactivity over 
backcround levels. As was found in the Serpent River basin, the 
increased radioactivity was limited to the surface sediment 
layers; the radioactivity decreased with increasing distance 
from the mines. 



d) Biology 

In the Bancroft area impairment of the aquatic biota was 
restricted to the waters in the immediate vicinity of the 
tailings decant zones. Adverse effects were not detected in 
Crowe River and Eels Creek proper. The accumulation of 
radicnuclides by the biota was similar to that in the Elliot Lake 
area. 



2. 3 Water Uses 

The area is extensively used for swimming, boating and 
fishing by local residents and tourists. Local surface waters 
are used for industrial purposes by the mining operations (Figure 
13) and by York Fiver Industries Ltd., a plastic molding and 
small parts manufacturing plant. 

2.U Public Health Aspects of Radioactivity 

There is only one home using a surface drinking water 
source on a continuous basis which fails to meet the proposed 
water quality standard for Ra-226. In this area, as in Elliot 
Lake, the total intake of radioactivity should be determined to 
ensure that it is within acceptable limits. Consideration should 
also be given to alternate sources of supply. 
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3. ViATEF QUALIIY FOR PECEIVING WATERS 

This study has provided background information tor 
defining the water quality, in the Serpent River Basin downstream 
from Stollery Lake and in the Upper Eels Creek and Crowe River 
basins, that will provide adequate protection for aquatic life 
and ensure satisfactory water quality for domestic, industrial 
and recreational uses of the waters. 

The restoration of the aquatic environment to support 
and maintain multiple water uses, including those which recognize 
the intrinsic value of the natural ecosystem, will necessitate 
the ultimate adoption of stringent treatment requirements. 
However, owing to the extent of existing pollution and the 
limitations of present waste treatment technology, it is 
recognized that acceptable levels of water quality will not be 
achieved in the near future. 

a) Chemical Quality 

Since low pH and toxic substances, including heavy 
metals and ammonia, are considered to be the main factors 
responsible for the iitipairment of aquatic life of the Serpent 
River Basin, the correction of the pH condition and the control 
of toxic substances should therefore be given first priority. 
Receiving water quality standards for these parameters are 
included in Table 2. 

Acceptable levels of dissolved solids and sulphates 
required for the protection of the aquatic life cannot be clearly 
defined from the findings of this study. It does appear, 
however, that the discharge of these contaminants will have to be 
restricted. For example, biological data (mean weighted index of 
diversity of stream fauna) appear to indicate that increases in 
dissolved solids and sulphate concentrations have been partly 
responsible for the impairment of the aquatic biota in the 
Serpent River Basin. For some sections of the Serpent River 
Basin, as well as the waters in the Bancroft area, the data 
indicate that the aquatic biota can tolerate levels considerably 
higher than background without adverse effects if the pH of the 
waters has not decreased significantly. For example, both the 
outlet of Depot Lake, and the Serpent River at Hwy. 17, which did 
not show significant impairment in pH, possessed stream fauna 
communities similar to those of unpolluted waters in the area, 
even though the concentrations of dissolved solids and sulphates 
represent significant increases over background. Other stations, 
including the outlet of Quirke Lake and the inlet to ^-jhiskey 
Lake, which possess dissolved solids and sulphate levels similar 
tc those of the above mentioned stations but with depressed pH, 
showed significant impairment of the stream fauna communities. 
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TABLE 2 

PROPOSED WATER QUALITY STANDARDS FOR THE 
SERPENT RIVER AND UPPER CROWE RIVER - EELS CREEK BASINS 

Chemical 



Parameter 

pH 

Toxic substances 
(including ammonia and 
metals) 



Standard 

6.5 - 8.5 

Toxic substances must not be 
added to water in concentrations 
or combinations that are toxic 
or harmful to human, animal, 
plant or aquatic life (1) 



Radiological (2) 



Known 


Known 


Measu 


red 


Derived control 






present 


absent (3) 


concentration 


level 




in water 














Ra~226 


Other nuclides 




CI 




CI <_ 10 pCi/1 


\ 




Ra-228 


Other nuclides 




C2 




C2 < 30 pCi/1 




> 


Pb-210 


Other nuclides 




C3 




C3 < 100 pCi/1 




Thoriums 


Other nuclides 




C4 




C4 <_ 1000 pCi/1 


J 




All four 
above 


None 


CI, 
C3, 


C2, 
C4 


Eitb 


ler CI C2 C3 C4 
10 30 100 1000 


11 (E)^ 










Or, 


CI £ 3 pCi/1 




1 



{h 



if C2, C3, C4 
not determined 



S{B 



• 



(1) Refer to OViTRC "Guidelines and Criteria for Water Quality 
Management in Ontario". 

(2) Unless further studies prove otherwise, it is assumed 
that, if Ra-226 level in drinking water is 3 pCi/1 or 
lower, the health hazard associated with other radio- 
nuclides from the uraniiom bearing ores in the Elliot 
Lake and Bancroft areas is not significant. 

(Z) Absent means present at a negligibly small fraction 

of the derived control level for the isotope in question. 
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This suggests that low pH, where it occurs, significantly 
contributes to the existing impairment of the aquatic biota in 
the Serpent River Basin. 

Likewise the waters in the Bancroft area did not have 
significant adverse effects on the biota although the dissolved 
solids and sulphates were high. Since pH depression did not 
become a problem in the Bancroft area, this reinforces the 
previous conclusion that pH was the principal factor in affecting 
che aquatic productivity throughout the Serpent River Basin. 

It is anticipated that the receiving water 
concentrations for dissolved materials and sulphates will 
ultimately have to be considerably lower than existing levels. 
Further studies are necessary to define these levels and indicate 
the degree cf control that will be necessary to protect the 
watersheds, particularly the Serpent River system. It is 
anticipated that advanced waste treatment techniques possibly 
including icn exchange or reverse osmosis may be required, since 
the present techniques will not adequately control dissolved 
solids and sulphates. In the meantime, the remedial measures as 
presented in the recommendations of the report should be 
implemented to improve existing water quality, with the priority 
being given to the correction of the pH problem. 

Neutralization of the tailings effluent with lime is 
considered acceptable as an interim measure only until this and 
other methods such as sulphide removal (to reduce oxidation of 
sulphides in the tailings areasj can be investigated and 
evaluated as a long-term solution. In addition, close 
surveillance must be maintained over the ammonia levels, the 
toxicity of which increases with increased pH; if adverse effects 
on the biota result, the use of ammonia may have to be 
discontinued. 



b) Radiological Quality 

The basis for the limitation of exposures of members of 
the public is the dose to various body organs and not the derived 
criteria by which the dose is controlled <ICRP, 1965> . The 
proposed standards contained in Table 2 are designed to fit the 
circumstances peculiar to the uranium mining areas. They take 
into account the principal radionuclides of concern and the 
practical difficulties in evaluating all the necessary 
environmental details. If the levels given in Table 2 are not 
exceeded, the water supply can as a rule te considered 
acceptable. If they are exceeded, they will still be acceptable 
provided the total intake of radioactivity, including 
radioactivity in air, food and water, can be shown not to lead to 



34 



doses cr dose cornnitments greater than those recommended by the 
ICRP. 

Since the significance of other radionuclides such as 
Ra-228, Pb-210 and thorium has not been determined. Section B of 
the proposed Radiological Standards should be used at this time. 
Once the other radionuclide concentrations have been measured 
Equation (E) which considers the additive effects (sum of 
radionuclide concentrations each divided by its respective 
standard should not exceed unity) can then be used to determine 
the acceptable level of each radionuclide. 
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SUMMARY OF UEANIUM MINING OPEEATIONS IN CNTAFIO 



NAME OF MINE CAPACITY 

tons/day 

Rio Algon Mines Limited 
- Nordic Lake Division 3,700 



- Quirke Lake Division 4,500 

- lacnor Division 4,500 

- Panel Division 3,500 

- Milliken Civision 3,000 

- Stanleigh Division 3,000 

- Spanish American 2,000 
Division 

- Pronto Civision 1,500 

Denison Mines Limited 

- Deniscn Mine 6,000 

- Can-Met Exploration 3,000 
Division 

Stanrock Uraniuir Mines 3,000 
Limited 



OPERATING PERIOD 



January 1957- July 1968 

(conventional) 
August 1968-July 1970 

(bacterial leaching) 
September 1 956- February 1961 

reactivated in August 1968 
September 1957-July 1960 
February 1958-June 1961 
April 1958-June 1964 
March 1958-January 1960 
May 1958-February 1969 

September 1955-April 1960 



May 1957- 

May 1958-March 



1960 



March 1958-November 196 4 

(conventicnal) 
December 1964-1970 

(bacterial leaching) 



Macassa Gold Mines Limited 

- Eicroft Division 1,500 

Canadian Dyno Mines Limited 

- Eyno Division 1,500 

Metal Mines Limited 

- Faraday Division 1,500 



November 1956-May 1963 



May 1958-March 1960 



April 1957-June 1964 
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